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(54) METHOD OF INHIBITING GENE EXPRESSION 



(57) The present invention relates to a method for 
inhibiting expression of a target gene, which comprises 
transfecting a cell, tissue, or individual organism with a 
double-stranded polynucleotide comprising DNIA and 



RNA having a substantially identical nucleotide se- 
quence with at least a partial nucleotide sequence of the 
target gene. 
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Description 

Technical Field 

5 [0001] The present invention relates to a method for inhibiting expression of a target gene by transfecting a double- 
stranded polynucleotide comprising DNA and RNA having a substantially identical nucleotide sequence with at least 
a partial nucleotide sequence of the target gene into a cell, tissue, or individual organism. 

Background Art 

10 

[0002] Methods for inhibiting expression of a target gene in a cell, tissue, or individual organism include a method 
(hereinafter, sometimes referred to as "RNAi method") wherein a double-stranded RNA is transfected to the cell, tissue, 
or ividual organism to thereby accelerate degradation of mRNA having homology to its sequence and, as a result, 
to (. sbit expression of a gene which is a template of the mRNA (hereinafter, this effect is sometimes referred to as 

15 "RNAi effect"). This technique has hitherto been reported to be effective in individuals of plants (Waterhouse. P. M., et 
al., Proc. Natl. Acad. Sci. USA., 95, 13959-13964 (1998)), trypanosome (Ngo, H, et al., Proc. Natl. Acad. Sci. USA., 
95, 14687-14692 (1998)), hydra (Lohmann J. U., at al., Dev. Biol., 214, 211-214 (1999)) ; planarian (Sanchez Alvarado, 
et al., Proc. Natl Acad. Sci. USA., 96, 5049-5054 (1999)), nematode (Fire, A., et al., Nature, 391, 806-811 (1998), 
Drosophila (Kannerdell, J. R., et al.. Cell. 95, 1017-1026 (1998); Misquitta, L, etal., Proc. Natl. Acad. Sci. USA., 96, 

20 1451-1456(1999)). 

[0003] Moreover, although the effect has been reported to be limited in vertebrates, it has been reported that use of 
a double-stranded RNA each having 19 nucleotides adjointed by 2-nucleotide 3' overhangs enables exhibition of the 
RNAi effect in cultured cells of vertebrates (El bash ir, S., et al., Nature, 411 , 494-498 (2001)). In identification of the 
gene function described below and the screening method of cell fines suitable for useful substance production, supe- 
rs riority of the use of the RNAi method is apparent but there are problems in that RNA is extremely easily degraded by 
an ribonuclease, especially in a single-stranded state, and in that cost of production is expensive. Therefore, it has 
been desired to develop a highly stable polynucleotide which can be used in the RNAi method. 

Disclosure of the Invention 

30 

[0004] An object of the present invention is to provide a method for inhibiting expression of a target gene having a 
substantially identical nucleotide sequence with a partial nucleotide sequence of the polynucleotide, by transfecting a 
cell, tissue, or individual organism with a double-stranded polynucleotide having an enhanced stability owing to incor- 
poration of DNA. 

35 [0005] As a result of extensive studies for achieving the above object, the present inventors have found that, in a 
hamster culture cell, CHO-KI, transfection with a double-stranded polynucleotide of a hybrid of DNA and RNA having 
a part of the base sequence of a luciferase gene and that with double-stranded polynucleotide of a chimera of DNA 
and RNA inhibit expression of the luciferase gene in the cell. Thus, we have accomplished the present invention. 
[0006] Namely, according to the present invention, inventions described in the following (1 ) to (24) are provided. 

40 

(1) A method for inhibiting expression of a target gene, which comprises transfecting a cell, tissue, or individual 
organism with a double-stranded polynucleotide comprising DNA and RNA having a substantially identical nucle- 
otide sequence with at least a partial nucleotide sequence of the target gene. 

(2) The method according to (1 ) above, wherein the double-stranded polynucleotide comprises a self complemen- 
ts tary single strand. 

(3) The method according to (1) or (2) above, wherein the double -stranded polynucleotide is a hybrid of a DNA 
strand and an RNA strand. 

(4) The method according to (3) above, wherein the hybrid of a DNA strand and an RNA strand comprises a sense 
strand DNA and an antisense strand RNA. 

so (5) The method according to (1) or (2) above, wherein the double-stranded polynucleotide is a chimera of DNA 

and RHA. 

(6) The method according to any one of (1) to (5) above, wherein, in the double-stranded polynucleotide, at least 
an upstream partial region of the polynucleotide is RNA. 

(7) The method according to (6) above, wherein the upstream partial region consists of 9 to 13 nucleotides. 

55 (8) The method according to any one of (1) to (6) above, wherein the double-stranded polynucleotide consists of 

1 9 to 25 nucleotides and at least an upstream half region of the polynucleotide is RNA. 

(9) The method according to any one of (1) to (8) above, wherein the target gene is plural. 

(1 0) A method of analysing the function of a gene, which comprises analyzing a phenotypic change appearing in 
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toTyV^ 

Lll ) r^ h M d L°T a SPeCi !! C Pr ° Perty t0 3 Ce "' tiSSUe ' ° r individuaf or 9 anism which comprises inhibiting 

expression of a target gene using the method according to any one of (1 ) to (9) above 

(12) A cell, tissue, or individual organism obtainable by the method according to (11) above 

nn 3 ^r eth0 HH° f SC T7l ^ a9ent f ° r preventin 9 and/or treating a disease associated with a target gene, which 
compnses adding a test substance to the cel., tissue, or individual organism according to (1 2) above and analyzing, 
a property change imparted to the cell, tissue, or individual organism no analyzing 

l^ PreV ! nt 7 an ^° r therapeutic a 9 ent for a dlsease associated with a target gene, which comprises as an 
active ingredient a substance obtainable by the method according to (13) above 

«Nrh ° f P K° dUCin9 9 prCVentln 9 and/or ^erapeutic agent for a diseaso associated with a target gene 

which comprises pharmaceut.caily formulating a substance selected by the method according to (1 3) above 

indiliduT^ Th 9 t0 ° f ° ) ,0 (9) ab ° Ve ' WhiCh fUrthef COmprises transfecting the cell, tissue, or 

sel^lnn T r eXpreSSl ° n Vect ° r containin 9 DNA e ^oding an indicator protein and subsequently 

ln^lfnrl an T n9 « ' t,SSU6> " indiVidUa ' ° rganiSm havin 9 a ^ antjt V of a ^nerated from the 

indicator protein of a specific strength or more. 

l 7 ^l r ^o h n^„r 0rd t K 9 ,D 8 " y ° f <1 ' *° (9) ab ° Ve ' WhiCh ,Urther «^*- "ansfecting the cell, tissue, or 
^dividual organism with an expression vector comprising DNA encoding an indicator protein and a double-stranded 
RNA composing a substantially identicai nucleotide sequence with at least a partial nucieotide sequenced tne 
DNA and containing DNA into a cell, and subsequently selecting and analyzing the cell, tissue, or indWdual or 
ganism havmg a reduced quantity of a signal generated from the indicator protein ™iv,«iai or 

oHn™r a 0 „H a ,r rdin9 ,-!° <1 , 6> " <1 V Whefein ,he indi ° at0r protein is a P™ tein in *e quantity 

of the protein and the quantity of a signal generated from the protein change in proportion 

19) The method according any one of (16) to (16) above, wherein the indicator protein is luciferase 
drlt Trrlnnl 0 ' ^"Tl! » functional domain °' RN * i" «n RNAi method, which comprises (i)' preparing a 
tSEZZ^FT'T* y 3 Subs,antia,| y identical " ucleo,i * ^^nce with at least a partial nude- 
otide sequence of a target gene and comprises a chimera of DNA and RNA, (ii) transfecting a cell tissue or 
individua organism with the doubie-stranded poiynucleo.lde, (iii) measuring an inhibition degree of «p Zo n o 

RNA terthfhT ' SS f .° r indiVWUal ° rganiSm ' and iden, "* n 9 a * ^*e° to be 

RNA for inhibiting expression of the target gene. iwuwuw 

oti^ ™?JSS ing t0 <20) ab ° V6f whereln either of the doub,e strands of the doubte - st ™ d * d p°'y"^ 6 - 

(2?) 3 b d 0 ^ b ' e " Stranded P°'y nu <=teotide for use in the method according to any one of (1) to (11), (13), and (15) to 

(23) A preventing and/or therapeutic agent for a disease associated with a target gene, comprising at least the 
double-stranded polyn ucleotide according to (22) above. comprising at least the 

(24) A kit for conducting the method according to 

above 11> ' (13)> (15> 10 (21> ab ° Ve ' C ° mprising at leastthe double-stranded polynucleotide according to (22) 



Brief Description of the Drawings 
[0007] 



Ftg^ 1 is a drawing illustrating sequences of the sense single strand polynucleotides consisting of 21 nucleotides 
and the antisense single strand polynucleotides consisting of 21 nucleotides which were used for preparation of 
doub e-stranded polynucleotides. In each sequence, the left means 5" terminal and the right meansTe^inaV 
and it ,s shown that a bold character part is RNA and an underlined part is DNA 

F, t I iS draWin9 i,lustratin 9 inhibition of expression of a luc gene in the case that CHO-KI cells are transfected 
with double-stranded polynucleotides of DfMA-BNA hybrid transfected 

Fig. 3 is a drawing illustrating inhibition of expression of a luc gene in the case that S2 cells are trasfected with 
double-stranded polynucleotides wherein each sense strand is RNA and each antisense strand is DNA-RNA c^hi- 

Fig 4 is a drawing illustrating inhibition of expression of a /ucgene in the case that HeLa cells and HEK293 cells 
^DnX-RN^ wherein each antisense strand is RNA and each sense strand 

Fig. 5 is a drawing illustrating inhibition of expression of a luc gene in the case that CHO-K1 cells are transfected 
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with double-stranded polynucleotides which are DNA-RNA chimera. 
Best Mode for Carrying Out the invention 
5 [0008] The following will describe the present invention in more detail. 

(1) Double-stranded polynucleotide comprising DNA and RNA for use in the RNAi method 

[0009] The present invention is a method for inhibiting expression of a target gene, which comprises transfecting a 

10 cell, tissue, or individual organism with a double-stranded polynucleotide comprising DNA and RNA having a substan- 
tially identical nucleotide sequence with at least a partial nucleotide sequence of a target gene. 
[0010] In the present invention, the target gene may be any gene as long as it can produce mRNA and can optionally 
be translated into a protein in the cell, tissue, or individual organism to be transfected (hereinafter, this is sometimes 
referred to as "recipient"). Specifically, it may be endogenous to the object to be transfected or a transgene. Moreover, 

15 jt may be a gene located on a chromosome or an extrachromosomal one. Examples of the extrachromosomal one 
include those derived from pathogens, such as viruses, bacteria, fungi, or protozoa. The function may be known or 
unknown or the function may be known in a cell of other organism but is unknown in the recipient. 
[0011] The double-stranded polynucleotide comprising DNA and RNA having a substantially identical nucleotide 
sequence with at least a partial nucleotide sequence of these genes (hereinafter, this is sometimes referred to as 

20 "double-stranded polynucleotide") comprises a substantially identical nucleotide sequence with a sequence having 20 
nucleotides or more which may be any part of the nucleotide sequence of the target gene. Herein, "substantially iden- 
tical" means that the sequence has homology of 50% or more, preferably 70% or more, more preferably 80% or more 
to the sequence of the target gene. The strand length of the nucleotide may be any length of 1 9 nucleotides to the full 
length of the open reading frame (ORF) of the target gene, but those having a strand length of 19 to 500 nucleotides 

25 are preferably used. However, in cells derived from mammals, there is known the presence of a signal transduction 
system which is activated in response to a double-stranded RNA having a strand length of 30 nucleotides or more. 
This is called a interferon response (Mareus, P. I. et at., Interferon, 5, 115-180 (1983)). When such a double-stranded 
RNA introduces into a celt start of translation of many genes is non-specifically inhibited through PKR (dsRNA-re- 
sponsive protein kinase: Bass, B. L., Nature, 411 , 428-429 (2001)) and at the same time, RNaseL is activated through 

30 2',5' oligoadenylate synthetase (Bass, B.L., Nature, 411 , 428-429 (2001 )) to cause non-specific degradation of RNA 
in the cell. Owing to these non-specific reactions, a specific reaction on the target gene is concealed. Therefore, in the 
case of using a mammal or a cell or tissue derived from said mammal as a recipient, a double-stranded polynucleotide 
consisting of 1 9 to 25, preferably 1 9 to 23, more preferably 1 9 to 21 nucleotides is used. The double-stranded polynu- 
cleotide of the present invention is not necessarily double-stranded over the whole and includes those having 5'- or 

35 3'-overhang, and the overhang terminal may be from 1 to 5 nucleotides, preferably from 1 to 3 nucleotides, more 
preferably 2 nucleotides. Moreover, the most preferable example includes one having a structure containing 3-over- 
hang of 2 nucleotides at 3* -terminal of each polynucleotide strand. A double-stranded polynucleotide means a polynu- 
cleotide in which a part having complementarity is double-stranded but may be a polynucleotide in which a self com- 
plementary single strand polynucleotide is self-annealed. Examples of the self complementary single strand polynu- 

40 cleotide include those having an inverted repeat and the like. 

[0012] Furthermore, as mixing of DNA and RNA, a hybrid type of a DNA strand and an RNA strand, a chimera type 
of DNA and RNA, or the like is used. The hybrid of a DNA strand and an RNA strand may be any one as far as it has 
an activity to inhibit expression of the target gene when a recipient is transfected with it, but preferably, one in which 
the sense strand is DNA and the antisense strand is RNA is used. Also, the chimera type of DNA and RNA may be 

45 any one as far as it has an activity to inhibit expression of the target gene when a recipient is transfected with it. In 
order to enhance stability of the double-stranded polynucleotide, it is preferable to contain DNA as much as possible. 
However, among the chimera type double-stranded polynucleotides of the present invention, it is preferable to suitably 
determine a sequence which is required to be RNA for inhibiting expression of the target gene within the range where 
the inhibition of the expression occurs with carrying out analysis of an inhibition degree of expression of the target 

so gene as described below. Thereby, a functional domain of RNA in the RNAi method can be also identified. As a preferred 
example of the chimera type thus determined, one in which an upstream partial region of the double-stranded polynu- 
cleotide is RNA may be mentioned, for example. Herein, the upstream partial region means 5' side of the sense strand 
and 3' side of the antisense strand. The upstream partial region preferably means a domain of 9 to 1 3 nucleotides from 
the terminal of the upstream of the above double-stranded polynucleotide. Moreover, preferred examples of such chi- 

55 mera type double-stranded polynucleotide include a double-stranded polynucleotide having a strand length of 19 to 
21 nucleotides in which at least an upstream half region of the polynucleotide is RNA and the other is DNA. Furthermore, 
in such double-stranded polynucleotide, an effect of inhibiting expression of the target gene is much higher when the 
entire ar >ense strand is RNA. 
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E?- L«^f ? 6th ?K ?' PreP f in9 the double - strand ed Polynucleotide is not particularly limited but it is preferable to 
tdTarrse^ 

otioes are separately synthesized and these are annealed each other by an appropriate method wherebv a donhi*. 

iThetLTiT T "fir A SpeC " te eXamP ' e <" ' he m6,h0d ,or * e a ~9 teir e TnThod^her^"Le 
Z Ti l S ^ 9,e - S,randed P»"ynucl60dda. are mixed in a molar ratio of preferably at teas, about 3 7 ZTprZr^W 
about 4:6, and most preferably substantially equimolar amount (i.e., a molar ratio of about 5 5) and hTated to a ,^ 
perature at wh,ch double-stranded one is dissociated and then the whole is gradually coo ted The anneated doubte 
stranded potynucleotide is purified by a usually employed method known per se, /ne^Lary Exl^oftsZ 
purification methods include a method wherein confirmation with agarose gel is conduct and an Za nte ' 2T 

£E CLT 3 ^ OPt> °T remOV6d bV ' ,0reXanV ' e ' da »on »i«h an appropriate"™ ' 9 
3£i?«t M °' e ° Wr ; th 1 ° case that a s'ngle-stranded polynucleotide having an inverted repeat is prepared as the 
smgte-stranded polynucteohde having self complementarity, the polynucleotide is prepared by a method o ch^m^ 
syn.hes,s or the „ke and then a self commentary sequence is annealed in the same manner aTaTve 

oftlr^g^ 

reCiP ' ent !" ,ransfeotion witn the double-stranded polynucleotide thus prepared may be any one an far 
fn ,he n 9 T transcnbed into RNA °r translated into a protein in the cel.. Specincaliy me in" fo use 

in the present invention means a cell, tissue, or individual organism recipient tor use 

[0016] The cell for use in the present invention may be any one from the germ line or somatic cell totiooten, or 
plunpotent ce dividing or non-dividing cell, parenchyma or epithelium cell, ^mortalized or ZsVn^ ed c~,hl 
dm«»n(T?H ii ,! Ce " undiffere ~ ^ch as a stem ceil, ce.,s derived from oTganT^r flss U °* o* 
T*- ^ " S8Ue inC ' UdeS Sln9le Ce " emb,yOS or c °^«"«ona, cells, or muiti ce^l embn,os1eta 
tissues, and the like. Moreover, examples of the above differentiated cells include adipocytes fibroblasts m^JteT 
cardiomyocytes, endothelium, neurons, glia, blood cel.s, megakaryocytes, fympho^esTacrophages neTXs 
h°n~' h P T ■ Tt StC6 " S leukoc V^. granulocytes, keratinocytea, chondrocytes, ostSX ^'osteoTsU 
hepatoses and cells of the endocrine or exocrine glands. As a specific example of such cells CHO Kl celf (RIK^N 
Cell bank), Drosophila S2 cell (Schneider, I., et al., J. Embryol. Exp Morph 27 353-365 n972n hu^Ln h1, „ 
(ATCC:CCL-2), human HEK293 cel. (ATCC: CRL-1573), or7he likels pXtel u sfd ' ^ ^ ^ ^ 

mo«Jh»,.^ he 7 0r f ' ?" ' ndiV ' dUa ' 0rga " iSm '° be used 38 a reci P ient in the P res ent invention specifically include 
those belonging to plant, animal, protozoan, bacterium, virus, or fungus. The plant may be a monocw Sor oim 
oosperm; the anima, may be a vertebrate or Invertebrate. Preferred microbes as reciptems ^oTtheTese^t nven^ion 

oo* oil 3 h T m °' 1: ' n0,0 9 ies Exam P les <* ^ebrate animals include fishes and mammals. sZ 

D^r^^rt^ 

[0018] Asamethod of transfectingthe double-stranded polynucleotide into a recipient, a calcium phosphate method 
,rrT m ?° d ' 3 Ti^ 0 " meth ° d ' a *" infection > an immereion in a double-stranded poSoti* 
T^hnH T, " mCth0d ' ° r thS " ke " USSd ' in 1,16 case mat the reci P'ont is a cell or a tissue Moreover as 
m^ onfd ,„T ,°r embry °' microl,1 i eoti -. a " ^operation method, a viral infection, or L HkTmay b^ 

Tr'heTkt o he otenf e " T * * * " '"^ °' peftU£l0n a a " -tersZceT 

°,ih J t P , Pray ' n9 may bS " SSd the Case «* an anlmal individual, a method of systemic transfecdon 
fnal tmnt f t T'°f ' T" " subcutane0 " s intramuscular, and intravenous administrate Mr~: 

ten mThf a '' !^ anaS a M™^. or intraperitoneal administration, or an electropcation method or a vi al fnfec- 
orZ o As a m etnod f0f ora| transfection a double . stranded polynucleotide P can be d| mixed ^h "o 0d 

ducfedbvZtei Jral T,T: 01 ,raas,ec,idn lnt0 a " iad i« d " a ' onanism, transfection can be ato con' 

ducted by adminismrtion as an embedded long-term releasing preparation or the like or by ingestion of an transacted 
recipient into which the double-stranded polynucleotide has been transfected, for example transfected 
[0019] The quantity of the double-stranded polynucleotide for transfection may be suitably selected deoend.no on 

In™ ,ar fc 9ene ' bUt * iS Preferab ' e ,0 transfect ,he Po'ynuo'eotide in an amount ^stfflctenUo trtX" 

at east one copy per cell Specially, in the case that the recipient is a human cultured cell and the 

Scase Tnh ; hr ° r f m ° r9 $ ° double - stranded Polynucleotides may be also transfected simultaneously 

ranstect^'vlt^ T^T °' *" m0re ^ is exbected in tha tisa « a . °' individual organTsm 
SSf f T b8 P ol V nucle ot'o:es (hereinafter, this is referred to as "transfected recipient") 

[0021] In the present invention, 'inhibition of expression of the target gene" means not onty complete inhibition of 
the expression butalso inhibition of 20% or more as an expressed amoun?of mRNA or a protein. The L^Z ^el 
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of expression of the target gene can be measured by comparing accumulation of RNA of the target gene or produced 
amounts of the protein encoded by the target gene in the double-stranded polynucleotide-transfected recipient and 
non-transfected recipient. The amount of mRNA can be measured by a usually employed method known perse. Spe- 
cifically, it is conducted by the Northern hybridization analysis, the quantitative reverse transcription PCR, in situ hy- 
5 bridization, or the like. Moreover, the produced amount of the protein can be measured by the Western blot analysis 
or by determining enzymatic activity of the protein encoded by the target gene. 

(3) Method of analyzing gene function by inhibiting expression of gene in transfected recipient 

10 [0022] By analyzing phenotypic change appearing in the transfected recipient as a result of the inhibition of expres- 
sion of a gene in the transfected recipient by the double-stranded polynucleotide according to the present invention, 
it is possible to identify function of the gene targeted by the transfected double-stranded polynucleotide. 
[0023] Herein , the target gene may be a gene whose function is known or a gene whose function in the recipient is 
unknown. The double-stranded polynucleotide corresponding to the target gene is prepared as described in (1 ) above 

15 and is transfected into the recipient described in (2) in a similar manner. The phenotype whose change is to be analyzed 
in the transfected recipient is not particularly limited and examples thereof include performances of an organism, such 
as morphology of the transfected recipient, an amount of a substance in the transfected recipient, an amount of a 
substance secreted by the transfected recipient, dynamic behavior of a substance in the transfected recipient, adhesion 
between the transfected recipients, mobility of the transfected recipient, or life of the transfected recipient, in the case 

20 that the function of the target gene is known in the other recipient, it is preferable to analyze a phenotype related to 
the function. As a means for analyzing the phenotypic change, in the case of analyzing morphological change of the 
transfected recipient, it is possible to use a method of microscopic or visual detection. Moreover, in the case of mRNA 
as a substance in the transfected recipient, methods of analyzing its amount include Northern hybridization, quantitative 
reverse transcription PCR, in situ hybridization, or the like. In the case of a protein, methods of analysing the amount 

25 include the Western blot analysis with an antibody using a protein encoded by the target gene as an antigen , a method 
of measuring enzymatic activity of the protein encoded by the target gene. Since phenotypic change appearing only 
in the transfected recipient thus analyzed occurs as a result of the inhibition of expression of the target gene, this can 
be identified as a function of the target gene. 

30 (4) Method of imparting specific property to cell, tissue, or individual organism by inhibiting expression of target gene 
using double-stranded polynucleotide 

[0024] By inhibiting expression of the target gene using the double-stranded polynucleotide of the present Invention, 
a specific property can be imparted to a cell, tissue, or individual organism. The specific property means a property 

35 appearing in the transfected recipient as a result of the inhibition of expression of the target gene. The target gene 
herein may be a gene wherein a property imparted to the transfected recipient by the inhibition of its expression is 
already clarified or the function thereof or the function in the transfected recipient is unknown. With regard to the target 
gene whose function is unknown, by selecting a desired phenotype among the phenotypes exhibited by the transfected 
recipient after the transfection of the double -stranded polynucleotide thereto, a desired property can be imparted to 

40 the transfected recipient. 

[0025] Specific examples of the desired property to be imparted to the transfected recipient include an intracellular 
productive function, a function of inhibiting extracellular secretion, a repairing function of an injury of a cell or DNA, a 
resistant function to a specific disease, and the like. Specifically, in the case that the transfected recipient is a plant 
individual or the like, the target gene includes genes associated with enzymes relating to fruit ripening, plant structural 

45 proteins, pathogenicity, or the like. 

[0026] The case that the inhibition of expression of the target gene has a resistant function to a specific disease is 
a case that increase of expression of a specific protein becomes a cause of the specific disease and the target gene 
includes a gene encoding the above protein, a gene encoding a protein having a function of controlling expression of 
the above protein, and the like. As a specific example, the target gene is a gene necessary for retention of a carci- 

so noganic/tumorigenic phenotype and the recipient is a cancerous cell, a tumor tissue, or the like. 

[0027] Since the double-stranded polynucleotide toward such target gene inhibits expression of the protein encoded 
by the target gene, the polynuoieotide can be used as an agent for treating or preventing diseases associated with the 
target gene. In the case that the double-stranded polynucleotide is used as an active ingredient of the above pharma- 
ceutical agent, the polynucleotide may be used solely but may also be used as a pharmaceutical composition formulated 

ss with a pharmaceutical^ acceptable carrier. The ratio of the active ingredient relative to the carrier at this time may vary 
between 1 to 90% by weight. Moreover, such pharmaceutical agent can be administered in various forms and these 
administration forms include oral administration with tablets, capsules, granules, powders, syrups, or the like, or 
parenteral administration with injections, drips, liposomes, suppositories, or the like. In addition, its dose can be suitably 
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selected depending on symptom, age, body weight, and the like 

[0028] T^transfeotedrecipientwiththedouble-strandedpolynucleotidetargetingsuchagenefeseleoteddeDendinn 
on a phenotype predicted to be associated with the inhibMon of expression of the gene Mor^ver fmJ donhip 
stranded polynucleotide for transition, when a sequence encoding a specif genehc mar^' a to^m 

~' ."T^ "I 6 SeleCt '° n ' S p0SSible based ° n an inhiblti °" degree of expression of the descent prote n 
ransfected .ogether w,.h .he double-sbanded polynucleotide into the recipient. Of these, in the case tta^en" 

Z^luchT" SUPP ' eS f ° n " 35 3 " argel 9ene ' ° e " CharaCterS l ° be 5etected ~ charac e" ofTa^nan, 
and the L m ' nCreaSe °L 9r0Wth ^ * C ™— ° f ° e " adheSi ° n or increase - ™«'e (metastatic) Sy 

and the ,ke. Moreover ,n the case that a gene controlling biological rhythm is used as a target gene cell charac ere 

o be selected mclude disappearance of oircadian rhythm and the like. Furthermore in the caTe ttat a ■^e^^S 
in repair of DNA injury induced by an environmental mutagen is used as a targTgene ort cT^reh^e^S 
include exhibition of sensitivity toward the mutagen, and the like. characters to bo selected 

100291 l h l SeteCted tranef9cted reoi P lent can *>° established and obtained as a line by a cloning technology known 
per se, which ,s su,teb.e to each recipient. Specifically, in the case that the recipient is a ce.l the tnan^edTecilnt 
K Sh6d a ", d ° t>teined 38 ace » "V a 'imttlng dilution method, a method with a drjg^tan™ o 
the like, wh,ch are cell l,ne-establishing methods in usual cultured ceHs. The tranefected recipient whfchTs obtainabte 
. i the present invention and to which a specific function is imparted can be used as a cel. line h«2« 
emc,ency of producing or secretinga usefu. substance, acell line exhibiting a high sensitivity toan 

KeT^^ 

[0030] Of these, the method of obtaining a cell line to be a model for treating a disease will be described as a further 
specific appked example of the present invention. As the target gene, a gene whose dec^re™^ an^unt 
or whose de .ciency becomes a cause of a disease may be mentioned. Specifically, there may to 
'"A*n a '™'~se,XPA/XPD/XPF/XPGgen 

m03lf "tot^^ BRCA1 f RC h A2 in cancer, INS/INSR genes in diabetes, and the ifke ' 

hna LJ%1 * 9 ' k eXamP ' e ' 8 humanderived «"fc"-ed cell with a double-stranded polynucleotide comprising 
DNA and RNA having a substantially Identical nucleotide sequence with at least a partial nucleotide sequenc^f these 
human genes, a human disease model cell can be obtained. nucleotide sequence of these 

[0032] Furthermore, by bringing a test substance into contact with the cell, tissue, or individual organism to which 
nonary™' VB 'T rte ^^^ 

^ 3 T n ,hT earS Z 1°t \ a ' S ° P ° SSlble '° SOrSen a " a9em ,or treatin 9 an * or P reven «"9 »» «bove d^ease 
E J , T , f 6 SUbStanCe SeleC,ed by Such a screen,na is use ° 38 a " ^ve ingredient of the aotve 
ST*^ the subsmnoe can be used solety but can be also used as a pharmaceutical composition ^or^ 
mulated with a pharmaceutical^ acceptable carrier. The ratio of the active Ingredient relath/e to the carrier at this time 

™'Z S", 1 ' f ° 9 ? ^ We f: M ° reOVer ' SUCh 8 PharmaC eUtfcal a ^ nt «" be ^mintterX v'rfous £Z 
and these adm,n,strat,on forms include oral administration wkh tablets, capsules, granules, powders syrups orZ 

be e sui^r s n e tf admlniS T 10 " WUh inieC,tonS ' dripS ' lip ° SOmes ' -PP°« °r «he like. In addition iteTose can 
be suitably selected depending on symptom, age, body weight, and the like. 

(5) Method of use of primary selection using inhibition degree of expression of indicator gone as Index 

w^LTh,* m , eth0dS ° ,,he present inv6ntion describe « ^e above (1) to (4) are methods of transfecting a recipient 
w tn attas a til, P ? lyn ."° ,e ° t,de C ° mpriSin 9 DNA and RNA a substantialty identica. nucleotide sequence 

with at least a partial nucleotide sequence of a target gene However, in a method of the present invention bv further 
transfectmg (a) an expression vector containing DNA encoding an indicator protein, (b) a double-stranld plnulle 
ot,de comprising DNA and RNA having a substantially identical nucleotide sequence with at leas, a Partfal nuSde 

ITrZZirT ^ in , d ' Ca,0r Pr0,e ' n ' and PrimarilV SCreening °™ ,ransfect8d ™*i°<" "Sing a qua ^Tf s^nt 
generated from the indicator protein as a measure, only a transfected recipient in which expression of the qenetn the 
rarjfected rec, P ,ent is inhibited can be analyzed, so that an efficient analysis can be conducted 

derfved ^'f^Z^^-^T'* 1 ** PreSen ' inVemi ° n ' '°"°™ n9 Wl " describe a case ,ha ' a =««ured cell 
derived from a vertebrate animal ,s used as a recipient and a fluorescent protein b used as an indicator protein A 
cultured cell derived from a vertebrate animal is transfected with an expression vector comprint, ^ DNA eCdTno a 

~ e "J T V f ' S 0UltUred ' ,0 "° Wed by SeleC,l0n °' a ce " havin ° a q" a "% o1 signal generated from 
the indicator protein of a specific strength or more. The cell selected herein is furthertransfected with a doubte sTranded 
polynucleotide comprising DNA and RNA having a substantially identical nucleotide sequence with at lea^t a 0^ 
nucleotide sequence of DNA encoding the indicator protein, and the cell is cultured, followed by an^o^nhS 
in^pmteir' 0 " '" diCat0r 9606 baSed °" 3 dS9ree ° f attenUatton ° f the ""-esce'nce generated f rom he 
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[0036] Since such each primary screening confirms the transfection of the recipient with the double-stranded and 
occurrence of the inhibition of expression of the target gene in the transfected recipient, the indicator protein should 
be a protein which shows correlation between the amount of the protein and the quantity of signal generated therefrom. 
Specific examples of such a protein include lucif erase protein. 
5 [0037] Furthermore, in the case of measuring the inhibition degree of expression of the target gene, it is aiso possible 
to calculate the amount of the protein encoded by the target gene based on the expressed amount of the indicator 
protein. 

(6) Kit for use in the present invention 

10 

[0038] The kit for conducting the methods described in (1 ) to (5) above contains a double-stranded polynucleotide, 
a vector comprising DNA encoding an indicator protein, a double-stranded polynucleotide comprising DNA and RNA 
having a substantially identical nucleotide sequence with at least a partial nucleotide sequence of the indicator gene, 
reagents such as enzymes and buffers, reagents for transfecting polynucleotides, and the like. It is not necessary for 
is the kit of the present invention to contain all these reagents and the kit may contain any combination of the reagents 
as far as it is a kit capable of use in the above methods of the present invention. 

Examples 

20 [0039] The following will describe the present invention more specifically with reference to Examples but the following 
Examples should be construed as a help for obtaining a specific recognition of the present invention and hence the 
scope of the present invention is by no means limited by the following Examples. 

Example 1 Inhibition of expression of target gene by double-stranded DNA- RNA hybrid transfected into CHO-KI cell 

25 

(1) Preparation of DNA-RNA hybrid type double-stranded polynucleotide 

[0040] A luciferase gene of Photinus pyrsdis [P pyralis luc gene: accession number: U47296) was used as a target 
gene and pGL3-Control vector (manufactured by Promega) was used as an expression vector comprising the same. 
30 The gene fragment of P. pyralis luc gene lies between a promoter of SV40 and poly A signal in the vector. A luciferase 
gene of RenHIa reniformis was used as an indicator gene and pRL-TK (manufactured by Promega) was used as an 
expression vector comprising the same. 

[0041 ] The sense strand of 21 nucleotides for use in the preparation of the double-stranded polynucleotide used in 
the present Example Is represented by SEQ ID NO: 1 (DNA) or SEQ ID NO: 2 (RNA). Moreover, the antisense strand 
35 is represented by SEQ ID NO: 3 (DNA) or SEQ ID NO: 4 (RNA). With regard to these sequences, a chimera type 
single-strande^ oolynucleotide of DNA or RNA was prepared as shown in Fig. 1. Synthesis of these polynucleotides 
was entrustec 3enset K.K. via Hitachi instruments Service Co., Ltd. The sequence of the sense strand polynucleotide 
corresponds t. 38th to 58th nucleotides of the P. pyralis luc gene (total length of 1 ,653 base pairs), which is a target 
gene in pGL3-Controi vector. 

40 [0042] The double-stranded RNA, double-stranded DNA and double -stranded DNA-RNA hybrid used for inhibiting 
expression of the P. pyralis luc gene were prepared by annealing the sense strand FLs1 (RNA) or DFLsl (DNA) with 
the antisense strand Fla2 (RNA) or DFLa2 (DNA). The annealing was conducted by heating the sense single-stranded 
polynucleotide and the antisense single-stranded polynucleotide in a 1 0 mM Tris-HCI (pH 7.5) and 20 mM NaCI reaction 
liquid at 90°C for 2 minutes and further incubating the whole at 37°C for 1 hour, followed by allowing it to stand until it 

45 was cooler to room temperature. Thereby, the sense strand and the antisense strand were annealed to form a double- 
stranded polynucleotide. The formation of the double-stranded polynucleotide was assayed by an electrophoresis on 
2% agarose gel in TBE buffer. Under the above conditions, almost every single-stranded polynucleotide was annealed 
into a double-stranded polynucleotide. 

so (2) Transfection of target gene, indicator gene, and double-stranded polynucleotide into cultured cell 

[0043] CHO-KI ceils (RIKEN Cell Bank) were used as a cultured cell and Dulbecco s modified Eagle's medium (man- 
ufactured by Gibco BRL) supplemented with inactivated 1 0% bovine fetal serum (manufactured by Mitsubishi Kasei 
Corporation) and 1 0 units/ml penicillin (manufactured by Meiji) and 50 u.g/ml streptomycin (manufactured by Meiji) as 
55 antibiotics was used as a medium. The cells were cultured at 37°C in the presence of 5% C0 2 . 

[0044] The CHO-KI cells were spread on a 24-well plate at a concentration of 0.3 x 10 6 cells/ml. After 1 day, 1 .0 ng 
pGL3 -Control DNA, 0.5 \ig pRL-TK DNA, and 0.01 , 0.1 , 1 , 10, or 100 nM of each double-stranded polynucleotide were 
transfected by Ca-phosphate precipitation method (Saibo Kogaku Handbook, edited by Toshio Kuroki et al., Youdosha 
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(1992)). 

(3) Measurement of gene expression in cultured cell 



ST? > T? 6 °! J pre f, ared in Exam P' e 1 < 2 ) a""* 6 we ™ collected after 20 hours and expressed amounts (luclferase 
activity) of two k,nds of luciferase (Phctlnus pyral* /ucand fl e „,y/a renlhrmis luc) proteins were measured using Dua^ 
Lucferase Reporter Assay System (manufactured by Promega). The measurement of fluorescence was conducted 
using a Lumat LB9507 luminometer (EG&G Berthold). 

I ?° 4 !I ^ Th f eXp '' ession ° f the 9 ene fansfected into CHO-KI cells was inhibited by the DNA-RNA hybrid type double- 
1 TJ T/° ^ ' 68 <Rg - 2> - A " V8lUeS Sh ° W "° 0f »** 9 ene P-^urt. toward expressed amount 

vl*L h r <0nZymatlC aC,lvit y of "«*°«»<0- These show the average values of three-timo experiments and 

vertical bare in the figure represent standard deviations. As compared with control groups in which no double-stranded 
polynucleotide was transfected, 96% inhibition of the expression of the target gene was observed in the case of double- 
inhl> trans, i f cted 9 ro "P s «rt»n the double-stranded polynucleotide was added in an amount of 100 nM and 
80 / ,nh,brt,on ^s observed ,n the group in which the double-stranded polynucleotide having a sense strand DNA and 
an a "^ ensa s,rand ™\ was transfected. That is, even when the sense side ot the double-stranded polynucleotide 
£ „ ;„ "t S P ge " e ex P rsssion can be inhi "ited in CHO-KI cells when the antlsense side was RNA 

although the effect was weak as compared with the double-stranded RNA. 

(1) Preparation of DNA-RNA chimera type double-stranded polynucleotide 

[0047] A luclferase gene of Photinus pyralis (R pyratis luc gene: accession number: U47296) was used as a target 

v^tL H°I!° V r : H ^ ^ 9 f ^ ° f Renm renifo ™ s ™** « ™ indicator gene. Furthermore, the expression 
vectors described in Example 1 were also used as expression vectors 

fJ! c SenS 1 Strand ° f 21 nL,cleotides for use in the Preparation of the double-stranded polynucleotide used in 

the present Example is represented by SEQ ID NO: 1 (DNA) or SEQ ID NO: 2 (RNA). Moreover antisense strand is 

I™ te ? y S ?V« NO /n (DNA) or SEQ ,D NO: 4 (RNA) With re ^ d to these ^^JZ^^^: 

stranded polynucleotides of DNA or RNA were prepared as shown in Fig. 1 . Synthesis of these polynucleotides was 
entrusted to Genset K.K. via Hitachi Instruments Service Co., Ltd. ynuceouaes was 

[0049] The DNA-RNA chimera type double-stranded polynucleotides used for inhibiting expression of the P pvralis 

Z!TZt r t TZVITT* 9 SSnSe Stfand FLS1 ^gte-stranded ™*> ^ antisense strands fS 
T , 5; * f ' a2 " 5, F,a2 ' 6 ' Ra2 " 7 ' F,a2 - 8, Fla2 ' 9 ' and F,a2 - 10 (DNA-RNA chimera type single-stranded 
polynuc^es) respectively. The annealing was conducted by reacting the sense single-strandeS RNA and the an 
.sense DNA-RNA-ch,mera type single-stranded polynucleotide in a similar manner to Example 1 . The production of 
the double-stranded polynucleotide was assayed by an electrophoresis on 2% agarose gel in TBE buffer. 

cu| t rred S cel| ti0n °' ***** indiCat ° r genC ' and DNA-RNA chimera type double-stranded polynucleotide into 

^^h^T^ 1 ^^^^^ 1 ^^ Embry0 ' E *P Mor P h " 27,353-365 (1972))were used asacultured 
cell and Schneider's mod.f.ed Eagle's medium (manufactured by Gibco BRL) supplemented with inactivated 1 0% bo- 
vine fetal serum (manufactured by Mitsubishi Kasei Corporation) and 1 0 units/ml penicillin (manufactured by Meiji) and 
50 ug/ml streptomycin (manufactured by Meiji) as antibiotics was used as a medium. The cells were cultured a 25°C 
in the presence of 5% C0 2 . 

[ ??, 5 ol T r e .^ CellS W8re Spread ° n 8 24 " Wel1 plate at a concentration of 1.0 x 10* cells/ml. After 1 day 1 0 uq 
pGL3-Control DNA; 0.05 u.g pRL-TK DNA, and 100 nM of each double-stranded polynucleotide were transfected by 
Ca-phosphate precipitation method (Saibo Kogaku Handbook, edited by Toshio Kuroki et aL Youdosha (1 992)). 

(3) Measurement of gene expression in cultured cell 

?°h 21 f i Th f e Ce " S pr6Pared in the EXamP ' e 2 (2) ab0VG Were CO,lected after 20 hours and expressed amounts of two 
kinds of lucferase proteins were measured using Dual-Luciferase Reporter Assay System (manufactured by Promega) 
™ e ™ easurement fluorescence was conducted using a Lumat LB9507 luminometer (EG&G Berthold) 
SSS ? exp , res ^ n of * e 9ene transf ected into S2 cells was inhibited by the DNA-RNA chimera type double- 
stranded polynucleotides of 21 nucleotides and prepared so that the sense side was fixed to RNA and the antisense 
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side was a chimera type polynucleotide of DNA and RNA (Fig. 3). All the values were determined as relative activity 
of target gene products toward expressed amounts of the indicator genes (lucif erase activity) and the values were 
shown as average values of three-time experiments and standard deviations. As compared with control groups in which 
no double-stranded polynucleotide was transfected, the double-stranded polynucleotide with the antisense side Fla2, 

5 Fla2-2, Fla2-3, Fla2-8, or Fla2-9 strongly inhibited the gene expression to an approximately equal degree of 96%, 92%, 
94%, 91%, or 96%. respectively. The polynucleotide having the antisense side of Fla2-5 exhibited a relatively strong 
inhibitory effect of 73%. The polynucleotides having the antisense side of Fla2-1 , Fla2-4, Fla2-6, Fla2-7, or Fla2-10 
exhibited no inhibitory effect or extremely weak effect even when the inhibition was observed. One characteristic com- 
mon to the double-stranded polynucleotides exhibiting a strong effect is that two nucleotides at 1 3th and 1 4th positions 

10 from 5' terminal on the sequence of the antisense strand are RNA (UA). On the other hand, in the double-stranded 
polynucleotide exhibiting a weak effect, both of the corresponding two nucleotides on the sequence of the antisense 
strand were DNA (TA). Therefore, in the present Example using S2 colls, it is suggested that these two nucleotides 
are a domain necessary and sufficient for exhibiting a strong RNAi effect. 

[0054] In the present Example, the RNAi effect was observed even when transfected with a double-stranded poly- 
15 nucleotide in which the part containing this domain on the antisense sequence was reserved as RNA and the other 
part was substituted with DNA. The double-stranded polynucleotides of 21 nucleotides and prepared by identifying or 
predicting a domain necessary and sufficient for exhibition of the RNAi effect according to the method as used in the 
present Example and the other technique, reserving a part containing this domain as RNA. and substituting the other 
part with DNA are considered to be able to inhibit expression of the target gene by the RNAi effect. 

20 

Example 3 Inhibition of gene expression by DNA-RNAchimera double-strandad polynucleotide transfected into human 
HeLa cell and human HEK293 cell 

(1) Preparation of DNA-RNA chimera type double-stranded polynucleotide 

25 

[0055] R pyratis /ucgene was used as a target gene and pGL3-Control vector (manufactured by Promega) was used 
as an expression vector containing the same. Moreover, a luc gene of Renilla renifor mis was used as an indicator gene 
and pRL-TK (manufactured by Promega) was used as an expression vector containing the same. 
[0056] The sense strand of 21 nucleotides for use in the preparation of the double-stranded polynucleotide used in 

30 the present Example is represented by SEQ ID NO: 1 (DNA) or SEQ ID NO. 2 (RNA). Moreover, the antisense strand 
is represented by SEQ ID NO: 3 (DNA) or SEQ ID NO: 4 (RNA). With regard to these sequences, chimera type single- 
stranded polynucleotides of DNA or RNA were prepared as shown in Fig. 1 . Synthesis of these polynucleotides was 
entrusted to Genset K.K. via Hitachi Instruments Service, Co., Ltd. The sequence of the sense strand polynucleotide 
corresponds to 38th to 58th nucleotides of the P. pyratis luc gene (total length of 1 ,653 base pairs), which is a target 

35 gene in pGL3-Control vector. 

[0057] The DNA-RNA chimera type double-stranded polynucleotides used for inhibiting expression of the P pyratis 
Inc gene were prepared by annealing the sense strand FLs1-1 or FLs1-2 (DNA-RNA chimera type single-stranded 
polynucleotide) with the antisense strand Fla2 (single-stranded RNA). The annealing was conducted by reacting the 
sense DNA-RNA-chimera type single-stranded polynucleotide and the antisense single-stranded RNA in a similar 

40 manner to Example 1 . The production of the double-stranded polynucleotide was assayed by an electrophoresis on 
2% agarose gel in TBE buffer. 

(2) Transfection of target gene, indicator gene, and DNA-RNA-chimera type double-stranded polynucleotide into 
cultured cell 

45 

[0058] pGL3-Control described in (1 ) above was used as a recombinant expression vector for expressing the target 
gene and pRL-TK described in (1) above was used as an expression vector of the indicator gene. Human HeLa cells 
(ATCC: CCL-2) and human HEK293 cells (ATCC: CRL-1573) were used as cultured cells and Dulbecco's modified 
Eagle's medium (manufactured by Gibco BRL) supplemented with inactivated 10% bovine fetal serum (manufactured 
so by Mitsubishi Kasei Corporation) and 10 units/ml penicillin (manufactured by Meiji) and 50 u.g/ml streptomycin (man- 
ufactured by Meiji) as antibiotics was used as a medium. The cells were cultured at 37°C in the presence of 5% C0 2 . 
[0059] The HeLa cells and HEK293 cells were spread on a 24-well plate at a concentration of 0.5 x 1 0 6 cells/ml and 
0.25 x 10 6 cells/mi, respectively. After 1 day, 1.0 u.g pGL3-Control DNA, 1.0 u.g pKL-TK DNA, and 100 nM of each 
DNA-RNA chimera type double-stranded polynucleotide were transfected by Ca-phosphate precipitation method. 

55 

(3) Measurement of gene expression in cultured cell 

[0060] As in Example 1 , the cells prepared in Example 3 (2) above were collected after 20 hours and expressed 
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ZZrtrt IUCiferaSe Pr ° teinS W6rS meaSUrSd USi " 9 Dual-Luctan-. Reporter Assay System The meas- 
urement of fluorescence was conducted using a Lumat LB9507 luminometer. system, ne meas 

J? " xpr f e ?f on of the 9ene transfected into HeLa cells and HEK293 cells was inhibited by the double-stranded 
.he'sent 22T« -"elides and prepared so that the antisense side of the doub.e strand was fixedt RNA and 
the sense side was prepared as a chimera polynucleotide of DNA and RNA (Fig 4) All the values were detent 

o rid . r * W6re ShOW " 88 aV8rage Va ' UeS <* three ,ime «penmen.s and standard deStTcom 

nucleot.des .n the other domain are DMA. Therefore, in the present Example using HeLa cells and HEK^S Z!£ Tl 

hurZ CHoTJe™ ~ " e " e e " Pre5Sl °" hY DNA " RNA Ch "" era ^ rouble-stranded n^n u Ceotide ggnsfeggd htg 
(1 ) Preparation of DNA-RNA chimera type double-stranded polynucleotide 

[0O62] p. pyralis luc gene was used as a target gene and P GL3-Control vector (manufactured by Promeoa) was used 

EiSi ™ ,manufacturad "V P^ega) was used as an expression vector comprising the same dlCa,0r 9 ene 
[0063] The sequence of the sense strand of 21 nucleotides for use in the preparation of the double-stranded nnh, 
nucleo.,de used in the present Example corresponds to polynucleotides of 8t to 28th 7*28) 38th ^To ^8th la 58> and 
10 = , 1 07», ( 10 8 7-1107)of Rfl y ra « s , U c g e„e, to « al length of ^653 basepai^.w^^Cg^nX^ 

.nn^-lt ' l ! °"' th6 S6nSe S,rand of 108 ''-1107 is represented by SEQ ID NO: 9 (DNA) or 10 (RNA) 
and the anhsense strand thereof is represented by SEQ ID NO: 11 (DNA) or 12 (RNA) ' 

nu^L!^? ZulVlT 5 * se( " Jences ' ,here were prepared one In which about an upstream half region (10 to 13 
ls DNA b m h rS6nSe and anWSenSe <C) ' °™ in whlch about an "Pe^eam hairegiono 0 to w nucleot desl 

.s DNA both fo, sense and antisense (D), one in which antisense is RNA and about an upstream ha f region MO o 13 
nuc elides of the sense strand is RNA (E), and one in which sense strand is RNA and about alps 3 ha f region 
K K htit!T h°I ^ S antisense strand is DNA (F). Synthesis of these polynucleotides was e^tn^ed to Genset 

v,a H * acnl '"struments Service, Co., Ltd. and, after formation of chimera type polynueleotides iuWe st^n 
one was prepared by annealing each of them. The annealing was conducted by S mSTSS^SS JSZ£ e 
chimera s.nglo-stranded polynucleotides in a similar manner to Example 1 . The : proS. ^0^0 ^ sindod 
polynucleotide was assayed by an electrophoresis on 2% agarose gel in TBE buffer. double-stranded 

iultI.ed S c^ i0n °' tar9et indiCat ° r 9ene ' and ° NA ' RNA Chimera d -"'e.s,randed polynucleotide into 

[0066] pGL3-Control described In ( 1 ) above was used as a recombinant expression vector for exoressino the tam« 

cXatCC ^et^T ab ° V f, ^ USSd 88 an eXPreSSi °" ~ ,h6 ^£££S% 
celte (ATCC. CCL-61 ) were used as a cultured cell and Dulbecco's modified Eagle's medium (manufactured bv Gibco 
BRL) supplemented with inactivated 10% bovine fetal serum (manufactured by Mitsubishi ^2£^„?i?E 
ri^t (ma " u,actured * Me » and 50 M /ml streptomycin (manufactured by Mepas anScs w^ usee 
as a medium. The cells were cultured at 37»C in the presence of 5% CO s 

^7 T JnM» H °^ Ce ^ AfteM day 1 Duo 

(3) Measurement of gene expression in cultured cell 

[0068] As in Example 1 , the cells prepared in Example 4 (2) above were collected after 20 hours and expressed 
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amounts of two kinds of lucif erase proteins were measured using Dual-Luciferase Reporter Assay System. The meas- 
urement of fluorescence was conducted using a Lumat LB9507 lurninometer. 

[0069] The structures of the double-stranded polyuncleotides and the proportion of the luciferase activity of these 
cells transfected with the polynucleotides to that of a control (a cell in which no double-stranded polynucleotide was 
s transfected) are shown in Fig. 5. In the figure, an open square represents an RNA chain and a filled square represents 
a DNA chain. As is apparent from the figure, in polynucleotides of any base sequences, the expression of the gene 
transfected into CHO-K1 cells was inhibited by the double-stranded polynucleotides of 21 nucleotides each in which 
at least about an upstream half region of the polynucleotide was RNA (Fig. 5 (A), (C) and (E)). 

[0070] The double-stranded polynucleotides of 21 nucleotides each prepared by identifying or predicting a domain 
10 necessary and sufficient for exhibition of the RNAi effect according to the method as used in the present Example and 
the other technique, reserving a part containing this domain as RNA, and substituting the other part with DNA are 
considered to be able to inhibit the expression of the target gene by the RNAi effect. 

[0071] While the invention has been described in detail and with reference to specific examples thereof, it will be 
apparent to one skilled in the art that various changes and modifications can be made therein without departing from 
15 the spirit and scope thereof. 

[0072] The present application is based on Japanese Patent application No. 2001-355896 filed on November 21 , 
2001 , and the contents are incorporated herein by reference. 

Industrial Applicability 

20 

[0073] According to the present invention, using a cultured cell, tissue, or individual organism, there is provided a 
means for directly analyzing the functions of genes in human and other organisms. Moreover, according to the method 
of using an indicator, cells exhibiting an especially high RNAi effect can be primarily screened, so that an effective 
analysis can be achieved, even among cells exhibiting a weak RNAi effect. 

25 [0074] As a conventional inventive technology for use in the same purpose , an RNAi method by transfection with a 
double-stranded RNA may be mentioned but there are problems in that RNA is extremely easily degraded by a ribo- 
nuclease, especially in a single-stranded state and cost of the production is expensive. In the present invention, the 
polynucleotide to be transfected is not limited to be entirely RNA. Therefore, use of a polynucleotide comprising DNA 
and RNA, specifically a hybrid polynucleotide of a DNA strand and an RNA strand or a DNA-RNA chimera polynucle- 

30 otide, enables enhancement of stability of the polynucleotide, as substance, for transfection and also reduction of 
production cost. Therefore, according to the present invention, it is possible to develop the polynueleotide itself as a 
pharmaceutical preparation for the purpose of treating diseases. Moreover, modifications such as fluorescent labeling, 
biotin labeling, amination. phosphorylation, and thiolation can be easily conducted over a wide variety with respect to 
DNA, as compared with the case of RNA. Therefore, when it is used as a pharmaceutical agent or reagent, a function 

35 suitable for a purpose can be imparted by conducting such modifications. 
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SEQUENCE LISTING 
<110> MITSUBISHI CHEMICAL CORPORATION 
<120> Genetic Inhibition by doublestraaded polynucleotide 
<130> P-43361 
<140> JP 2001-355896 
<141> 2001-11-21 
<160> 8 

<170> Patentln Ver. 2.0 

<210> 1 
<211> 21 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence Synthesized 
<400> 1 

cattctatcc gctggaagat g 

<2X0> 2 
<211> 21 
<2I2> RNA 

<213> Artificial Seauence 
<220> 

<223> Description of Artificial Sequence synthesized 
<400> 2 

cauucuaucc gcuggaagau g 
<210> 3 
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<211> 21 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: synthesized 
<400> 3 

tcttccagcg gatagaatgg c 

<210> 4 
<2ll> 21 
<212> RNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: synthesized 
<400> 4 

ucuuccagcg gauagaaugg c 

<210> 6 
<211> 21 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence-synthesized 
<400> 6 

acgccaaaaa cataaagaaa g 

<210> 6 
<211> 21 
<212> RNA 
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<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence^ynthesized 
<4O0> 6 

acgccaaaaa cauaaagaaa g 

<210> 7 
<2U> 21 
<212>DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: synthesized 
<400> 7 

ttctttatgt ttttgrecftc t 

<210> 8 
<211> 2X 
<212> RNA 

<218> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence'eyntheeized 
<400> 8 

uucuuuaugu uuuuggcguc u 

<210> 9 
<211> 21 
<212> DNA 

<213> Artificial Sequence 
<220> 
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<223> Description of Artificial Sequence Synthesized 
<400> 9 

ggtaaagttg ttttattttt t 

<210> 10 
<211> 21 
<212> RNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence? synthesized 
<400> 10 

gg-uaaaguug uuuuauuuuu u 

<210> 11 
<211> 21 
<212> DNA 

<218> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence- synthesized 
<400> 11 

aaaatggaac aactttaccg a 

<210> 12 
<211> 21 
<212> RNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence Synthesized 
<400> 12 

aaaauggaac aacuuuaccg a 
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1. A method for inhibiting expression of a target gene, which comprises transfecting a cell, tissue or individual or- 
gan.sm with a double-stranded polynucleotide comprising DNA and RNA having a substantially identical polynu- 
cleotide sequence with at least a partial nucleotide sequence of the target gene. 

2 ' lingle st?a°n d d aCC ° rdjn9 * ^ 1 ' ^ double - slranded Polynucleotide comprises a self complementary 

3. The method according to claim 1 or 2, wherein the double-stranded polynucleotide is a hybrid of a DNA strand 
and an RNA strand. 

4. The method according to claim 3, wherein the hybrid of a DNA strand and an RNA strand comprises a sense 
strand DNA and an antisense strand RNA. 

5. The method according to claim 1 or 2, wherein the double-stranded polynucleotide is a chimera of DNA and RNA 

6. The method according to any one of claims 1 to 5, wherein, in the double-stranded polynucleotide at least an 
upstream partial region of the polynucleotide is RNA. 

7. The method according to claim 6, wherein the upstream partial region consists of 9 to 1 3 nucleotides. 

8. The method according to any one of claims 1 to 6, wherein the double-stranded polynucleotide consists of 1 9 to 
25 nucleotides and at least an upstream half region of the polynucleotide is RNA. 

9. The method according to any one of claims 1 to 8, wherein the target gene is plural. 

10. A method of analyzing the function of a gene, which comprises analyzing a phenotypic change appearing in the 
cell, tissue, or individual organism as a result of inhibition of expression of a target gene by the method according 
to any one of claims 1 to 9. y 

11. A method of imparting a specific property to a cell, tissue, or individual organism which comprises inhibitinq ex- 
pression of a target gene using the method according to any one of claims 1 to 9. 

12. A cell, tissue, or individual organism obtainable by the method according to claim 11 . 

13. A method of screening an agent for preventing and/or treating a disease associated with a target gene which 
compnses adding a test substance to the ceil, tissue, or individual organism according to claim 1 2 and analvzina 
a property change imparted to the cell, tissue, or individual organism. 

14. A preventive and/or therapeutic agent for a disease associated with a target gene, which comprises as an active 
ingredient a substance obtainable by the method according to claim 1 3. 

15. A method of producing a preventing and/or therapeutic agent for a disease associated with a target gene which 
compnses pharmaceutical^ formulating a substance selected by the method according to claim 13. 

16. A method according to any one of claims 1 to 9, which further comprises transfecting the cell, tissue, or individual 
organism with an expression vector containing DNA encoding an indicator protein, and subsequently selecting 
and analyzing the cell, tissue, or individual organism having a quantity of a signal generated from the indicator 
protein of a specific strength or more. 

17. A method according to any one of claims 1 to 9, which further comprises transfecting the cell tissue or individual 
organism with an expression vector comprising DNA encoding an indicator protein and a double-stranded RNA 
compnsing a substantially identical nucleotide sequence with at least a partial nucleotide sequence of the DNA 
and containing DNA into a cell, and subsequently selecting and analyzing the cell, tissue, or individual orqanism 
having a reduced quantity of a signal generated from the indicator protein. 

18. The method according to claim 16 or 17, wherein the indicator protein is a protein in which the quantity of the 
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protein and the quantity of a signal generated from the protein change in proportion. 
19. The method according any one of claims 16 to 18, wherein the indicator protein is luciferase. 

5 20. A method of identifying a functional domain of RNA in an RIMAi method, which comprises (i) preparing a double- 
stranded polynucleotide having a substantially identical nucleotide sequence with at least a partial nucleotide se- 
quence of a target gene and comprises a chimera of DNA and RNA, (ii) transfecting a cell, tissue, or individual 
organism with the double-stranded polynucleotide, (iii) measuring an inhibition degree of expression of the target 
gene in the cell, tissue, or individual organism, and (iv) identifying a sequence which is required to be RNA for 

10 inhibiting expression of the target gene. 

21. The method according to claim 20, wherein either of the double strands of the double-stranded polynucleotide is 
an RNA strand. 

15 22. A double-stranded polynucleotide for use in the method according to any one of claims 1 to 11 , 13, and 15 to 21 . 

23. A preventing and/or therapeutic agent for a disease associated with a target gene, comprising at least the double- 
stranded polynucleotide according to claim 22. 

20 24. A kit for conducting the method according to claims 1 to 11, 13, and 15 to 21, comprising at least the double- 
stranded polynucleotide according to claim 22. 
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Fig. 1 

Sense strand: 

FLs 1 : C ATJUCUAUC C GCUGGAAGAUG 

DFLsi: CATrnrArnnacTanA a a AT9 

FX* 1 - X:,CATTCTATCf?GHaGGAAGAUG 
FLs l-2:CAtmCUAUCCGClGi3LS^GA2a 

Antlsense strand: 

FLa2: UCTJTJCGAGCGGAUAGAAUGGC 

FLaS-l: UCUUCO AQOQ(TATAft A Arrnn^ 
FLa2-2: XQ TTC 0 AG C QG AUAG A avr a n 
FLa2-8: XCXPCCAGQX1QAUAGAA UGGC 
*Xa2-4: UCU T-OCAGC GG ATAGAA^ ^ff 
FLa2-5: TCTTCnA(70rfG^TTAGAAUGGC 
FI,a2-6: T7CUUCCAGCGG ATAQ A ATrefi f* 
FLa2-7: 1C1XCCAGCGGA3CAGAAXGGC 
FI,a2-8; UfilTUfflXAaCaGAUAaAAUfifiC 
FLa2-9: TCTTOCA.(?CGGAUAGAAT7gflg 
FIia2-10:UCUXrcCAGC GGArAq ^ ^ ftqrt 
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Fig. 2 
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Fig. 4 
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Fig. 5 
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